A new series of 1,3,4,5,5-pentasubstituted-1,2,4-triazoles (4a-j, 6a-j) have been synthesized by the 1,3-dipolar cycloaddition of suitable nitrilimines 2 to pyruvaldehyde (2-oxopropanal) hydrazones having (COPh, COOMe, COOEt, Me/Me, and Me/Ph) groups 3 and 5. Both analytical and spectroscopical data of all the synthesized compounds are in full agreement with the proposed structures. The microbial features of the synthesized compounds were studied by a known method.
Introduction
The synthesis of heterocycles has received considerable attention in recent years. 1,2,4-Triazoles and their derivatives constitute an important class of organic compounds with diverse agricultural, industrial, and biological activities [1] [2] [3] including antimicrobial [4, 5] sedative, anticonvulsant [6] , and anti-inflammatory properties [7] , and, consequently, the synthesis of compounds containing 1,2,4-triazole rings in their structure has attracted widespread attention. 1,3-Dipolar cycloaddition is one of the most versatile methods for the construction of five-membered heterocycles [8, 9] . Recently, we have described a versatile and efficient one-pot synthesis of dispiroheterocycles containing 1,2,4-triazole moieties utilizing available ketooximes, hydrazones, and hydrazonoyl halides [10] . Keeping this observation in view and in continuation of our study on the synthesis of biologically active nitrogen containing heterocycles [11] [12] [13] [14] [15] [16] , this paper presents the synthesis of a series of some new substituted 1,2,4-triazoles via reaction of nitrilimines 2 with different pyruvaldehyde hydrazones 3 and 5, in anticipation of expected interesting biological activities. 
3-Acetyl-4-benzoylamino-5-methyl-1-phenyl-1,2,4-triazole-5-carbaldehyde (4a)
.
3-Acetyl-1-(4-chlorophenyl)-4-ethoxycarbonylamino-5-methyl-1,2,4-triazole-5-carbaldehyde (4b

4-Benzoylamino-1-(4-clorophenyl)-3-(2-furoyl)-5-methyl-1,2,4-triazole-5-carbaldehyde (4h
4-Benzoylamino-1-(4-clorophenyl)-5-methyl-3-(2-thenoyl)-1,2,4-triazole-5-carbaldehyde (4i
4-Benzoylamino-1-(4-clorophenyl)-5-methyl-3-(2-naphthoyl)-1,2,4-triazole-5-carbaldehyde (4j
Reaction of Nitrilimine 2 with Pyruvaldehyde Hydrazones 5 (General Procedure).
Triethylamine (10 mmol) in THF (10 mL) was slowly added to the stirred mixture of pyruvaldehyde hydrazones 5 (5 mmol) and the appropriate hydrazonoyl halides 1 (5 mmol) in THF (50 mL) at room temperature and then refluxed for 12 hours. The cooled and precipitated salt was filtered off, and the solvent was then evaporated under reduced pressure. The residue was washed with water (2 × 25 mL), and in few cases the oily or gummy products were triturated with ethanol or methanol (10 mL). The crude solid product was collected and recrystallized from ethanol or methanol to give the desired compounds.
The following compounds were synthesized using this method. 
3-Acetyl-4-dimethylamino-5-methyl-1-phenyl-1,2,4-triazole-5-carbaldehyde (6a
3-Acetyl-1-(4-chlorophenyl)-4-dimethylamino-5-methyl-1,2,4-triazole-5-carbaldehyde (6b
1-(4-Bromophenyl)-4-dimethylamino-5-methyl-3-phenylaminocarbonyl-1,2,4-triazole-5-carbaldehyde (6f
1-(4-Flourophenyl)-5-methyl-4-methylphenylamino-3-phenylaminocarbonyl-1,2,4-triazole-5-carbaldehyde (6g
1-(4-Chlorophenyl)-4-dimethylamino-3-(2-furoyl)-5-methyl-1,2,4-triazole-5-carbaldehyde (6h
1-(4-Chlorophenyl)-4-dimethylamino-5-methyl-3-(2-thenoyl)-1,2,4-triazole-5-carbaldehyde (6i
1-(4-Chlorophenyl)-5-methyl-4-methylphenylamino-3-(2-naphthoyl)-1,2,4-triazole-5-carbaldehyde (6j
Antimicrobial Activity Screening.
Antimicrobial activity screening of the synthesized compounds was determined by the agar dilution technique as recommended by the Clinical and Laboratory Standard Institute (CLSI) [21] . The tested compounds were dissolved in dimethyl formamide (DMF). An inoculum of about 1.5 × 10 8 colony forming units per spot was applied to the surfaces of MuellerHinton agar plates containing graded concentrations of the respective compounds; plates were incubated at 37 ∘ C for 18 h. The spot with the lowest concentration of compound showing no growth was defined as the minimum inhibitory concentration (MIC). All organisms used in this study were standard strains obtained from the Microbiology Laboratory (Al-Aqsa University) and included bacterial strains such as Enterococci, Escherichia coli, Staphylococcus aureus, Klebsiella spp., and Proteus spp. and fungi strains such as Aspergillus niger and Candida albicans. The MIC of tetracycline and fluconazole was determined concurrently as reference for antibacterial and antifungal activities, respectively (Table 1) . Control DMF was carried out with each experiment.
Results and Discussion
3.1. Chemistry. 1,3-Dipolar cycloaddition of nitrilimines 2, generated in situ from hydrazonoyl halides 1 in tetrahydrofuran or 1,4-dioxane in the presence of triethylamine, to 2-oxopropanal hydrazones 3 (Y = COPh, COOMe, and COOEt) was carried out at room temperature for 12 h, leading to the formation of 1,2,4-triazole derivatives 4a-j as cycloaddition products rather than the cyclocondensation 1,2,4,5-tetrazines 4 a-j (Scheme 1). It is worth mentioning that the latter products 4 a-j were obtained from the reaction of hydrazonoyl halides with methyl hydrazones of aliphatic aldehydes and ketones [22] . This can be explained on the basis of the weak nucleophilicity of the nitrogen atom of the hydrazones carrying the electron withdrawing groups in comparison to that of the nitrogen atom carrying methyl group in methyl hydrazones. The purity of obtained compounds was controlled by TLC and elemental analyses. Both the analytical and spectral data (IR, 1 H NMR, 13 C NMR, and mass spectra) of the synthesized triazoles 4a-j were in full agreement with the proposed structures and were depicted in Experimental.
The electron impact (EI) mass spectra displayed the correct molecular ions in accordance with the suggested structures. Their IR spectra showed absorption bands in the regions 3275-3225 cm −1 , 1690-1680 cm −1 , and 1620-1610 cm −1 assignable to NH, formyl, and C=N groups, respectively. Their 1H NMR spectra revealed aromatic protons at 8.3-7.1 ppm and singlet signal at 8.7-8.5 ppm assigned to H-C=O proton and singlet signal in the region 1.9-1.8 ppm assignable to the CH 3 proton at quaternary carbon. The detailed 1 H NMR data is shown in Experimental. Their 13C NMR spectra showed all the signals corresponding to the proposed structures, especially C-5 (quaternary carbon) which was found to resonate at about 90-85 ppm. This is similar to reported values of quaternary carbon flanked by two nitrogen atoms in five-membered heterocycles [22] [23] [24] , which provide strong evidence in support of the structures 4a-j rather than the six-membered heterocyclic structures 4 a-j which is expected to have a C-6 signal at about 70-65 ppm. The complete 13 C NMR data are presented in Experimental.
On the other hand, the reaction of the same nitrilimines 2 with 2-oxopropanal hydrazones 5 having N,N-dimethyl or Nmethyl-N-phenyl substituents, under ambient temperature, affords only one isolable product in each case. On the bases of their spectroscopical data, the structures of the reaction products were identified as 1,3,4,5,5-substituted-1,2,4-triazoles 6a-j (Scheme 2) in good yields.
The synthesized compounds 6a-j gave satisfactory analysis for the proposed structures which are confirmed on the bases of their spectroscopical data. The electron impact (EI) mass spectra displayed the correct molecular ions (M) in accordance with the suggested structures. Their IR spectra showed absorption bands in the region 1695-1950 cm −1 assignable to carbonyl and formyl group. The absorption band of C=N appeared in 1630-1620 cm −1 region. Their 1 H NMR spectrum revealed characteristic signals for the N-CH 3 at about 3.3-3.1 ppm in addition to the signals resulting from the formyl and aromatic hydrogens. 13 C NMR spectrum exhibited the characteristic signals of the suggested structures. The signal for quaternary carbon (C-5) appeared around 90 ppm. The signal at 37.8-37.2 ppm is attributed to the N-CH 3 carbon. The entire 13 C NMR data are presented in Experimental.
Antimicrobial Activity.
Most of the synthesized compounds were screened in vitro for their antimicrobial activity against a variety of bacterial strains such as Enterococci, Escherichia coli, Staphylococcus aureus, Klebsiella spp., and Proteus spp. and fungi such as Aspergillus niger and Candida albicans, employing the nutrient agar disc diffusion method [25, 26] at 10 mg/mL concentration in dimethyl formamide (DMF) used as solvent control, by measuring the average diameter of the inhibition zone in mm. The results showed that all the tested compounds exhibited weak to moderate degree of activity against bacteria and fungi compared with well-known antibacterial and antifungal substances such as tetracycline and fluconazole, respectively. The results are given in Table 1 . According to NCCLS (2004), zones of inhibition for tetracycline and fluconazole <14 mm were considered resistant, between 15 and 18 mm were considered weakly sensitive, and >19 mm were considered sensitive. Also, the results showed the degree of inhibition varied with the tested compounds.
Conclusion
In conclusion, the reaction of several nitrilimines with pyruvaldehyde hydrazones having electron withdrawing or electron releasing groups leads to formation of pentasubstituted-1,2,4-triazoles and some of them were found to possess various antimicrobial activities towards all the microorganisms tested. The results confirm that the antimicrobial activity is strongly dependent on the nature of the substituents on triazole rings.
